Blast loads have come into attention in recent years due to the large number of accidental events. So, important and critical structures may be designed to resist transient extreme loads such as high velocity impacts and explosions. In reality, a surface explosion generates both ground shock and air blast pressure on nearby structures, of which the ground shock usually arrives at structure foundation earlier than air blast pressure because of the different wave propagation velocities in soil and air. The ground shock will excite the structure to move and it will not response to air blast pressure from zero initial condition. So, a separate study accounting for the effect of an explosion ground shock on a nearby structure has been performed using FEM software ABAQUS. The analysis started with a static step which include applying initial stress due to soil and structure's own weights, and additional structural loads, after that the model is analyzed under the blast loading near the structure, then a parametric study including the charge weight, the distance of the charge and the structure height has been performed. Results showed that the structure is exposed to additional displacements and deformations in both horizontal and vertical directions resulting in shifting its foundations and additional settlements.
INTRODUCTION
An explosion is defined by releasing a great amount of energy within a very short time period. This energy produces two main components; first is the air blast wave which spread out through the air and can cause damages to adjacent structures. The second part are the stress waves which spread out radially through the earth from the blast source causing ground vibrations which radiates out from the source with decreasing intensity and can excite the adjacent structures causing vibrations. These vibrations could reach sufficiently high levels which may damage the structures or cause additional internal forces in the structural elements. The energy travels in the form of waves, which may be illustrated by dropping a stone in a still pool of water. Near where the stone drops, waves are formed then spread concentrically out of the center. The waves have high amplitude at the drop point, but this magnitude decreases as the waves spread outwards, Lindsey [12] . The ground shock coming from an explosion usually arrives at a structure foundation earlier than air blast pressure because of the different wave propagation velocities in geomaterials and in the air, Wu and Hao [15] . Ground shock and air blast might act on the structure simultaneously, depending on the distance between the explosion center and the structure. Even though they do not act simultaneously, ground shock will excite the structure and the structure will not response to air blast pressure with zero initial condition. ____________________________________________ 3 Graduate student, Faculty of Engineering, Zagazig University, Egypt, Email: stengahmedarfa2011@gmail.com More current practice usually considers only air blast pressure, and many empirical relations are available to predict air blast pressure, other studies were concerned with underground structures, military structures, tunnels, and pipelines, Kanarachos [11] , Chowdhury [6] , and Yang [17] . Few researches take only the effect of the ground shock on the structure foundation system, especially the shallow foundation and the blast effect on the bearing capacity of soil, Amini [2] , and Gamber [9] . Other researches model the blast as an acceleration-time history affecting the structure foundations and do not take the soil properties into consideration, Xuansheng et al. [16] . The characteristics of an explosion stress waves are quite different from earthquake waves. The blast waves usually have high frequency, short time duration, equality of amplitudes in both horizontal and vertical directions, and large range of magnitudes from ten to thousands of the gravitational constant, Hossein [10] . Studies that discuss the effect of soil properties under blast loading are relatively few. Soil is an assembly of individual particles with varying constituents, sizes, voids ratio, and degree of saturation. The rapid release of energy from an explosive causes shockwave that propagates through the soil medium, An et al. [3] . The energy applied to a soil through external loads such as blast loads may both overcome the frictional resistance between the soil particles and also to expand the soil against the confining pressure. The soil grains are highly irregular in shape and have to be lifted over one another for sliding to occur, Darke and Little [7] . The mechanism of deformation in soil varies from cohesive saturated soil to dry soils. Deformations in cohesive soils can be divided into two types; (1) the soil skeleton deformation, (2) the deformation of all the soil phases. At high pressures, the soil skeleton deformation is given by the plastic deformation of bond and grain displacements. Volume compression of all soil phases plays a role in the deformation of all the soil phases, Darina [8] . In dry cohesive soil, deformation is dominated by particle linkage distortion and soil compaction. Tension is not considered as soil cannot bear large tensile stresses, Barnes [4] . Moreover, in dry soils at high pressures, grain bond distortion and soil compaction occur.
EXPLOSION PARAMETERS
When a blast occurs, the resulting internal stress and particle velocity of soil can be defined by exponential type time-histories. These values of stress and velocity quickly rise to a peak value and then exponentially decay to nearly zero over a very short period of time. The characteristic time for this time histories can be measured in arrival of from the source (ta), where ta = R/c, R is the distance from the explosion and c is the seismic or propagation velocity of the media. Typically these wave forms rise sharply to the peak with the rise time (tr), where tr = 0.10 ta, this is about 1/10 of the travel time to the target point. The peak values of free field stress and velocity, which are used in Equations (1) and (2), are given as,
(1)
Where, Po: Peak stress (kPa), Vo Peak particle velocity (m/sec.), c: Acoustic impedance (kPa/(m/sec)), R: Distance to the explosion (m), W: Charge weight (N), n: Attenuation coefficient, and f: Ground coupling factor which equals 0.4 for surface charge. The attenuation coefficient, seismic velocity and acoustic impedance can be estimated based on the soil type and properties. Darke and Little [7] , TM 5-855-1 [14] , and Bulson [5] present ranges of values for these ground shock parameters based on measurements collected during various explosion tests.
NUMERICAL MODELING
Modeling is performed by ABAQUS V 6.11 [1] software. Mohr-Coulomb model is used to represent the nonlinear soil behavior, with a linear elastic model used in modeling the concrete structure and its foundations.
Soil Model
The soil is modelled as dense sand with Mohr-Coulomb model parameters properties shown in Table (1) . MohrCoulomb failure criteria is correct enough to reflect the soil behavior under blast load, Gamber [9] . The finite soil domain has dimensions of 100.0 m width and 40.0 m depth modelled with 10825 plane strain elements (CPE4R). The side boundaries are modeled with 130 infinite elements (CINPE4) with a dimension of 20.0 m length, these elements provide transmitting wave side boundaries in the dynamic analysis.
Structure Model
The structure is assumed to be made of reinforced concrete modelled with linear elastic properties, as presented in Gamber [9] , and shown in Table ( The contact between the soil and foundation is needed here to capture the effect of uplift and sliding of the foundation over the subsoil during the dynamic effect of the blast ground shock. SSI is modelled with surface to surface contact in ABAQUS to model the interface between the soil and the foundation surface during the ground shock excitation. The mechanical properties of the contact surfaces defining the tangential and normal behavior of the contact surfaces can influence the results of the numerical simulation and should be chosen with great rigor. Normal behavior adopts "hard" contact in a pressure-over closure relationship, where a "hard" contact implies that the surfaces transmit no contact pressure unless the nodes of one surface make contact with the other surface. The tangential behavior is modelled using a penalty method in which the friction coefficient is set equal to 0.60.
Loading Steps
At first, a geostatic step is used to generate the geo-stress of soil under its own weight with ramped amplitude over the duration of the step. After the initial conditions are established a static step is applied which includes applying the dead load of the structure and additional load of 15 kN/m' is applied as a line load over all the structure beams. These loads include the weight of slabs and live loads and are applied before the dynamic steps. The blast load with pressure for different charge weights in MPa assuming the same amplitude, as used by Rosengren [13] and shown in Figure ( 3) is applied in a dynamic step over the top soil boundary with at distance 5.0 m nearby the concrete structure. Table ( 3) shows the estimated explosion parameters for the charge used according to Darke and Little [7] , with another dynamic step used after detonation of the explosion load to obtain the vibration of the structure resting on the subsoil. 
PARAMETRIC STUDY AND ANALYSIS OF THE RESULTS

Effect of the Charge Distance (R)
The charge distance is the distance between the blast load and structure (R) is varied, and the used distances The maximum computed horizontal roof and foundation displacements are almost linearly decaying with increasing the distance from the detonation source, as shown in Figure (7) and presented in Equation (3) for foundations, and Equation (4) 
Where, D is the maximum horizontal displacement in (m), and R is charge distance in (m). Figure (8) shows the maximum computed vertical displacement of leftmost foundation point as it is the most affected point of the structure regarding vertical movement. Starting from the computed settlements due to the structure loads for the static case, the explosion causes upward and downward movements with much less number of cycles than the horizontal movement. Moreover, the differences between the computed vertical movements of the foundations are much lower than the differences in the horizontal ones. In addition, slight permanent settlements are noticed at the end of the dynamic analysis period. Although the differences between the permanent settlements are small, but still the nearest distances resulted in the highest settlements and the lowest vertical heave. When comparing the vertical displacements of the foundation point and the roof point it is observed that the two points have almost the same behavior of movement as shown in Figure (9 ) in all the studied cases. This is mainly due to the structure rigidity as it moves as a single block in the vertical direction. 
Vertical Displacements of the Structure
Effect of The charge Weight (w)
Horizontal Displacements of Structures
The horizontal displacement of foundation is noticeably increased by increasing the charge weight especially at the roof point, which is roughly about 3.50 times the horizontal foundation displacements. The maximum response of this point is highlighted by a passing line presented in Equation (5) for the foundation displacements, and Equation (6) for the roof displacement, as shown in Figure (10 ).
DHl. max (m) = -1.0 * E -7 * W 2 + 0.0001 * W + 0.0003 (5) DHl. max (cm) = -7.0 * E -7 * W 2 + 0.0006 * W + 0.0035 (6) The maximum vibration response of the concrete frame structure is at the left roof point as shown in Figure (11 ). Higher charge weights resulted in higher horizontal displacement amplitudes. Moreover, much higher displacement amplitudes are computed at the structure roof than those computed at the foundation point, as shown in Figure ( 
Vertical Displacements of Structure
Figure (13) shows that increasing the charge weights resulted in slight increase in the amplitude of the vertical displacements generated explosion waves at the left foundation point. Moreover, slight permanent settlement took place after the blast shock wave action began to cease. 
Effect of Structure Height (H)
Horizontal Displacements of Structure
As the height of the structure increases, its weight also increases resulting in reducing the ability of the blast pressure to move the structure in the horizontal direction. A relation between the structure height and the maximum horizontal displacement of the foundation point is represented by Equation 7 , and as shown in When comparing the horizontal displacements of the foundation point and the roof point it is observed that the maximum vibration response in all cases is at the roof point in the horizontal direction as shown in Figure (14) . Increasing the structure height resulted in subsequent increase in the horizontal displacement increased at the roof point because of the flexibility of the structure increased as shown in Figure (15) . On the other hand, increasing the structure height leads to increasing of vertical loads at the foundations which consequently causes less horizontal deformations at the foundations. A relation between the structure height and the maximum horizontal displacement of the foundations and roof points are represented by Equations (8) and (9) 
Vertical Displacements of Foundation
Figure (16) shows the maximum vertical displacement of the leftmost foundation point as it is the most affected point of the structure. Increasing the structure height and consequently the structure weight resulted in increased settlements and amplitude of movement. 
Effect of Soil Type
Soil types and properties including; modulus of deformation, Possion's ratio, shear strength parameters have a great effect on the response of the structure under blast loads. Table (4) shows the properties used, the product of acoustic impedance and attenuation factor can be estimated for different soils based on the charts and figures provided by Darke and Little [7] . A 162.3 N charge weight is used in all the studied cases. Table 4 . Different Soil Parameters.
Horizontal Displacements of Structures
The deformations and displacements of the structure is increased when decreasing the stiffness of the soil, with respect to the horizontal displacement of foundation it is the maximum for clay as 31.86 mm, and 20.0 mm in case of sand as shown in Figure (17 ). In addition, higher displacement amplitudes are noticed in the case of clay than those took place in sand, especially in the beginning of the explosion. 
Vertical Displacements of Structures
The left point of foundation is selected as it was the most critical point in case of blast response. It should be noted that the starting values are the settlements that took in the soil due to the structure weight, as shown in Figure  (19) . Figure (19) shows that permanent relatively large settlements took place in clay due to the explosion, whereas the structure approximately returns to its original static position in case of sand soils. 
CONCLUSIONS
The performance of high-risk facilities such as public, commercial and industrial structures under extreme loads such as explosions and high velocity impact is an important problem. This study investigated the blast response of a multi-story concrete structure under blast loads with respect to blast waves travelling through the soils only. The structure is modeled as beam-column system. The blast load is modeled as a time-series of decaying amplitude. The soil is modelled with the MohrCoulomb constitutive model. Blasting can cause significant vibrations within structures even in cases where the blast source is far from the structure is. These conclusions are drawn from the current research:
1-In case of variation of charge distance; the response of structure is less pronounced when increasing the charge distance in both horizontal and vertical directions:  The maximum horizontal base displacements are much lower than the roof values. The base displacements range from 0.075 cm to 2.0 cm, whereas the lateral roof displacements range between 1.625 cm to 8.635 cm for the same explosion. In other words, the horizontal displacements at the foundations are amplified from 4 to 16 multiples when it reaches the structure roof.  Under the same conditions, the vertical displacements are almost the same for the foundation and roof points. On the other hand, the vertical displacements due to the blast are almost 60% higher than the settlements that took place due to the structure loads.
2-In case of various charge weights; the response of structure is increased with increasing the charge weight at the same location in both vertical and horizontal directions. The structure is exposed to maximum base horizontal displacements of 3.87 cm, with respect to roof's lateral displacements, it is increased to a maximum of 14.14 cm. Thus, increasing the explosive charge weight has a slight effect on the structure horizontal displacements. About 70 multiples increase in the charge weight results only about 4 times the horizontal displacements. It should be noted that this case is related to blast waves passing through the foundation soils only, and do not account for air blast waves.
3-The structure's height and its flexibility have an effect on the structure response as the horizontal displacements at the foundations decreased with increasing the structure height. In contrary, the roof's lateral displacements increased with increasing the structure height. Increasing the structure height from 15.0 m to 30.0 m leads to an increase of roof lateral displacement up to 132.97 %. Although, the vertical displacement at the base is increased after the static analysis, they are decreased with decreasing the structure height due to the higher structure weight.
4-In all cases, the vibration of the structure is an instant spike reaching a maximum value just after detonation followed by decaying oscillations till the structure return to rest with permanent deformations. These permanent horizontal displacements and settlements are much higher in clays than those took place in sand.
